An Italian BIM-based portal to support collaborative design and construction by Daniotti, Bruno et al.
An Italian BIM-based portal to support collaborative
design and construction
A case study on an enhanced use of information relying on a classiﬁcation
system and computational technical datasheets
Bruno Daniotti1, Sonia Lupica Spagnolo2, Claudio Mirarchi3,
Daniela Pasini4, Alberto Pavan5
1,2,3,4,5Politecnico di Milano - Department of Architecture, Built Environment and
Construction Engineering
1,2,3,4,5{bruno.daniotti|sonia.lupica|claudio.mirarchi|daniela.pasini|alberto.
pavan}@polimi.it
A great amount of information needs to be managed along the building life cycle
in order to fulfil building codes, standards and regulations, client and user
requirements. However, a lack of transparency in the information management
and a lack of communication between stakeholders often bring to the adoption of
solutions in the design process that do not meet the original requirements.
Therefore, an ordered structure for information improves its storage, enhancing
its visibility, traceability, usability and re-usability. In addition, for public works
contracts and design contests, the use of specific electronic tools, such as building
information electronic modelling tools, is often required for the information
management. The paper presents the efforts devoted within the Italian building
sector for proposing a standardized structure and developing tools for collecting,
sharing and exchanging information between stakeholders involved in different
stages of the building process. An enhanced use of information relying on the
adoption of the standardized structure of information is presented, proposing
dedicated applications for automating the process of information fruition.
Keywords: BIM-based portal, Standardized information, Computational
technical datasheets
INTRODUCTION
The fulﬁlment of building codes, of standards and
regulations, of clients‘ and users’ requirements also
depends on an improved management of the great
amount of information produced along the building
life cycle. Therefore, anordered structure for informa-
tion is needed to store and use all the required data.
This is even truer nowadays, when data and informa-
tion tend to dissolve in a digital ecosystemmore and
more volatile.
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In fact, for enhancing visibility and traceability of in-
formation, it is essential to adequately manage re-
quirements from the Strategic Deﬁnition stage to the
In Use stage [1]. A lack of transparency in the infor-
mation management and a lack of communication
between stakeholders often bring to the adoption of
solutions in the design process that do not meet the
original requirements (Jallow et al. 2008; Kiviniemi
2005). Therefore, the process results in design it-
erations, rework, and, consequently, low eﬃciency
(Janssonet al. 2013). Furthermore, theoperational is-
lands between diﬀerent disciplines cause ineﬀective
coordination (Schade et al. 2011). All those barriers
aﬀect the fulﬁlment of themultiple requirements, im-
pacting in turn on the performance of buildings.
In addition, for public works contracts and de-
sign contests, there is an increasing demand in the
use of speciﬁc electronic tools, such as building in-
formation electronic modelling tools [2, 3].Therefore,
great eﬀorts have been devoted by corporations, or-
ganizations, and working groups at diﬀerent levels,
dealing with BIM-related issues. That highlights an-
other dimension of the information management,
that is the usability and re-usability of data and infor-
mation in order to create value in the process.
The paper focuses on some preliminary eﬀorts
within the Italian building sector for proposing a
standardized structure and developing tools for col-
lecting, sharing and exchanging information be-
tween stakeholders involved in diﬀerent stages of
the building process.
The paper presents the main aspects emerged
during the development of: a) a standardized struc-
ture for collecting, sharing and exchanging informa-
tion concerning technological solutions; and b) a na-
tional database for the fruition of information from
diﬀerent stakeholders through a web-portal. Fur-
thermore, usability of the information is exploredand
compared to what is provided by the existing mar-
ket through digital-based applications. In fact, an en-
hanced use of information, relying on the adoption
of the standardized data structure, is presented for
the assessment of environmental sustainability. Ded-
icated applications are presented in the paper for au-
tomating the process of information fruition, espe-
cially establishing a link between information in the
structured database and information provided by BI-
Models. Information is then adopted within algo-
rithms for the estimation of selected indicators.
APPROACH
An analysis of the Italian building sector has been
performed for identifying main criticalities to be
solved and essential information to be collected,
shared and exchanged. Therefore, several stake-
holders (e.g., universities, research centres, construc-
tion companies, designers, associations and feder-
ations of product manufacturers, software houses)
have been involved during the research for iden-
tifying informational requirements and information
technologies to be adopted for the deﬁnition of a
standardized structure and for the fruition of infor-
mation through a web-portal. The points of view of
diﬀerent actors have been analysed through the es-
tablishment of working groups (Figure 1) at the Ital-
ian standardization organization (UNI) and through
the participation at a national research project (IN-
NOVance project).
After the deﬁnition of the information content
and structure, diﬀerent applications have been ex-
plored in order to demonstrate how the developed
structure aﬀects the current use of information in the
construction sector, using information for the assess-
ment of environmental impacts applying a LCA ap-
proach.
AN ITALIAN BIM-BASED PORTAL TO SUP-
PORT COLLABORATIVE DESIGN AND CON-
STRUCTION
The collaboration between several stakeholders
through the Italian standardization organization and
the involvement of diﬀerent teams in INNOVance
project result in the deﬁnition of criteria for the uni-
ﬁcation of terminology, organization, collection and
exchange of information for the construction sector.
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Figure 1
WG 9 “Codiﬁcation
criteria for
construction
products and
processes”
Two main results have been achieved:
• an unambiguous classiﬁcation system;
• models for performance-based computa-
tional digital technical datasheets.
Both the classiﬁcation system and the models for
technical datasheets have been proposed for dif-
ferent technical solutions adopted in building pro-
cesses.
The criteria identiﬁed for the deﬁnition of an
unambiguous classiﬁcation system allow to iden-
tify families of objects considering diﬀerent aspects.
Namely, those aspects are: category, typology, refer-
ence standard or function,main performance, geom-
etry, dimensions and physical-chemical characteris-
tics (Pavan et al. 2014). By selecting a speciﬁc choice
for each ﬁeld, a unique code is created for each ob-
ject.
Furthermore, models have been deﬁned for col-
lecting, organizing and archiving technical informa-
tion about construction products and technological
solutions. Particularly, standard criteria have been
identiﬁed to describe construction products, in iden-
tiﬁcative, qualitative and quantitative terms. The
structure has been deﬁned in accordance with har-
monized standards for CE marked products or in
agreement with other relevant reference standards
(if available and/or applicable) for non-CE marked
products. Once deﬁned the models for construc-
tion products, a comparable structure has been de-
veloped also for technological solutions and techno-
logical systems. As demonstrated through the explo-
ration of uses proposed in the paper, such structure
is essential to provide an easily accessible source of
data, directly usable frommachines.
The models for the collection of technical infor-
mation have been organized into informative blocks
of homogeneous data. The structure collects infor-
mation into classes and provides guidance on how to
ﬁll datasheets, standardizing the process of descrip-
tion and characterization of those ones. The informa-
tive blocks, diﬀerentiated for CE and non-CE marked
products, are related to: identifyingmanufacturer in-
formation; identifying product information; techni-
cal information; information about packaging,move-
ment, storage in factory and transport; commercial
information; additional technical information; infor-
mation about laying/installation, maintenance and
disposal of products, description of themain compo-
nents of products; attachments; information on data
reliability.
Beyond the deﬁnition and development of the
classiﬁcation system and computational technical
datasheets, a web-portal has been created for the
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fruition of information. The web-portal is composed
of four main sections for:
• the collection of information related to tech-
nological systems, MEP objects and construc-
tion works;
• the fruition of information related to techno-
logical systems,MEPobjects and construction
works;
• the collection of BIModels linked to the stan-
dardized structure of the database;
• the collaboration among several stakeholders
through a BIM Server.
Particularly, a link among information collected
within the standardized structure and BIModels have
been established, considering the approach adopted
in the development of the BIM library, as presented in
(Pasini et al. 2017).
Moreover, interoperability has been guaranteed
thanks to the development of scripts for enriching
the IFC schema with information stored in an ex-
ternal database. In fact, an automated process can
be developed in a Python-encoded environment for
reading the information of all the objects both in
the native BIModel and in the IFC model, detecting
the missing information and writing those ones in a
structured database, as described in (Mirarchi et al.
2017).
PRACTICAL IMPLICATIONS
Background
The whole supply chain can take advantages from
the availability of a standardized information struc-
ture and from its implementation in a BIM-based por-
tal to support web-based collaborative design and
construction. Particularly, for what concerns the sec-
tion of the portal for the collection of information re-
lated to technological systems, diﬀerentmanufactur-
ers have the possibility to upload complete informa-
tion of their products, designers can easily compare
characteristics and performances of similar products,
construction companies have access to information
concerning the installation and the maintenance of
selected products. Moreover, such structure can pro-
mote the development of dedicated applications for
using and re-using information through automated
processes. Those applications can be developed be-
cause data collected following the proposed struc-
ture and stored in the portal are accessible in an elec-
tronic way, in line with the growing demands in that
direction [2].
The development of automated processes is of-
ten bounded to the rules deﬁned for a speciﬁc
project. Generally, if information is not orderly col-
lected, a speciﬁc application cannot be reused in dif-
ferent projects and by diﬀerent subjects (Held et al.
2016). Instead, thanks to the standardized structure
of the database behind the portal, applications can
be developed following deﬁned rules that are ap-
plied to each project supported by the portal itself.
That means that a deﬁned application can be devel-
opedby a third subject and thenuseddirectly in each
project.
Figure 2
Database
environment
Authors present speciﬁc applications focusing on the
usability of information concerning environmental
sustainability. Particularly, environmental issues are
gaining attention within the building sector, so that
standardized methods have been developed for the
assessment of environmental impacts [4]. Conse-
quently, stakeholders as manufacturers are putting
great eﬀorts in the collection of information describ-
ing those aspects concerning their products. How-
ever, that information is often not collected in a stan-
dardized way and in open and query-able formats.
As an example, several Environmental Product Dec-
larations (EPDs) can be retrieved from diﬀerent web-
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sites. However, information is often stored within
a PDF and, consequently, information of diﬀerent
products cannot be directly compared or queried.
Within that context, the research presents an im-
proved use of that information, when orderly col-
lected in a database, as that developed within IN-
NOVance project. Indeed, information stored in the
database can be easily compared andqueried. More-
over, linking information in the database and in-
formation provided by BIModels, environmental im-
pacts of technological solutions and buildings can be
easily assessed through automated processes.
Logical deﬁnition
The paper reports a case study related to the assess-
ment of global warming potential (GWP). The GWP
impact information is commonly related to a speciﬁc
material referred to a functional unit. In a BIModel,
objects represent construction elements (technolog-
ical solutions and/or technological systems) that usu-
ally are constructed using one ormorematerials. The
database can store all the information related to the
speciﬁc material; then, materials can be used for vir-
tually construct each technological solution that can
be assembled in technological systems (Figure 2).
Technological solutions and technological sys-
tems are characterized by speciﬁc geometrical infor-
mation (e.g., the thickness of the wall) that are re-
ported both in the database and in the geometri-
cal model. That could lead to the generation of dis-
crepancies and inconsistencies between the model
and the information related to the objects contained
in the database. Thus, the coherence between the
database and the geometrical model must be veri-
ﬁed. The geometrical model contains all the infor-
mation related to the geometrical characteristics of
the elements (e.g., area, volume, thickness), while
the database collects all the size features (e.g., thick-
ness for walls, height andwidth forwindows) and the
non-geometric information. By coupling those kinds
of information and by applying speciﬁc algorithms,
the environmental impact of a technological solution
and/or a technological system can be evaluated in an
automated way. Consequently, obtaining the quan-
tities of each technological solution and/or techno-
logical system within a project and coupling them
with information stored in the database, the environ-
mental impacts of a whole building can be assessed.
Figure 3
Rules to ﬁlter
element classes
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The deﬁnition of the link between the geometri-
cal model and the database is allowed through the
unique code associated to the classiﬁcation systems
and deﬁned within the portal, as previously pre-
sented. Thus, including that code as informative
content of the objects in the BIModel, it is possible
to directly retrieve the related information from the
database. Using a standardized structure allows to
deﬁne stable rules, speciﬁc for each element class. In
a BIM environment, a class can be deﬁned as a set
of relations and rules to control the parameters by
which singular speciﬁc element of the class (called el-
ement instances) can be generated (Eastman et al.,
2011). Thus, for each element class, diﬀerent rules
must be deﬁned also in the algorithm for the assess-
ment of environmental indicators for several reasons,
as:
• the extraction of information from the
database: in fact, diﬀerent information has
to be accessed in relation to the considered
element class. For example, the number of
leaves is required for windows but not for
walls;
• the calculation rules to be applied to that in-
formation. As an example, when evaluating
the environmental impact of windows, the
weight (in kg) of a proﬁle needs to be consid-
ered using its linear dimensions; whilst, eval-
uating the environmental impact of walls, the
volume (m3) and the density (in kg/m3) of an
insulation panel needs to be considered.
Therefore, after deﬁning the information required for
the environmental assessment of each technological
system, a set of rules has been created for matching
the information in the database to the right object in
the BIModel. For reaching that purpose, a speciﬁc ap-
plication has been developed through Dynamo, a vi-
sual programmingenvironment, integratedwith cus-
tomized Python scripts (Figure 3).
Therefore, a workﬂow (Figure 4) has been pro-
posed for enhancing an automated process for the
evaluation of environmental indicators, coupling in-
formation in BIModels and in the database on the
web-portal (structured within INNOVance project)
and creating customized rules for diﬀerent element
classes.
Figure 4
Name and code
describing each
element in a
BIModel
Case study application
Theworkﬂowhasbeen validatedon a testmodel that
contains basic objects (doors, windows, walls) de-
ﬁned through the portal. Each element is character-
ized by its fundamental information (the set of infor-
mation that are provided by the BIM authoring tool,
i.e. Autodesk Revit in the presented case) enriched
by the code that links each element type to the cor-
rect information stored in the database. A type can
bedeﬁnedas a subset of a speciﬁc classwhichgroups
elements with the same characteristic features (e.g.,
thickness and number of layers for a wall). As shown
in Figure 5, elements in the BIModel are described
through:
• a speciﬁc name, that is deﬁned at the project
level and can be used in the project environ-
ment;
• a code, that remains the same for every
project that uses the same element type.
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Figure 5
Workﬂow for
automating the
evaluation of
environmental
indicators
For example, in diﬀerent projects the name
C.V.01 can be associated to element types that
are diﬀerent to each other, whilst the code
(C003.5OJ89.JFGHV.O0.8R74J.W6.8RE92) is unique
for each element type, as it is the result of the choices
made in the classiﬁcation system (those choices are
always the same, even when the same element type
is used in diﬀerent projects).
The objects used in the test model are deﬁned
with a Level of Development (LOD) that is reason-
ably high because the evaluation of the GWP needs
the deﬁnition of the speciﬁcmaterials and layers that
compose each element. In accordance with the Ital-
ian standard UNI 11337:2017 [5], the reached LOD for
all the objects (doors, windows and walls) is LOD E.
The informative content required for reaching LOD E
is intended combining the information provided by
the geometrical model and by the database.
The proposed application has been developed
through the following steps:
• considering that diﬀerent algorithms and cal-
culation rules need to be applied and asso-
ciated to diﬀerent elements, the ﬁrst step of
theworkﬂowanalyzes the element classes de-
ﬁned in thegeometricalmodel anddirects the
data in the correct data ﬂow, through rules (as
shown in Figure 3);
• in a second step, geometrical information and
the code are extracted from the BIModel and
stored in a temporary list (Figure 6). Using
the code, the dataset related to the speciﬁc
object is isolated and the useful data are ex-
tracted (selecting the data accordingly to the
speciﬁc element class). The extraction of the
only data related to the speciﬁc applicationon
which the script is focused is possible because
the data ﬁeld is every time in the same posi-
tion and is called with the same name in the
database;
• the ﬁnal step combines geometrical data ex-
tracted from the model and GWP information
referred to the componentmaterials provided
by the database, calculating the GWP of the
selected element.
Extending that process to eachelement of themodel,
it is possible to evaluate the global GWP impact re-
ferred to technological solutions and systems and,
thus, to the whole building (Figure 7).
The automated system includes also a veriﬁca-
tion process for validating the information extracted
from the geometrical model and the ones provided
by the database. In particular, geometrical informa-
tion of the same element is compared between the
two sources (geometrical model and database) and
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Figure 6
Extraction of
geometrical
information from
BIModels
an error message is shown if some discrepancies or
inconsistencies are revealed (Figure 8).
The development of the case study highlights
an important aspect characterizing thedata structure
proposed by the portal. In a BIModel, usually, there
are several kinds of information that are represented
using the geometrical representationwithout any re-
lation with the informative content. For example, in
the proposed model, doors have a graphical repre-
sentation of their open direction but no information
related to it. Therefore, an automated process can-
not use that information in order to perform calcula-
tion or other activities on the speciﬁc object. In the
speciﬁc case study, the number of leaves of windows
is a fundamental information for the calculation of
the GWP of the speciﬁc element type. That informa-
tion is well represented in a geometrical way in the
BIModel but no informative ﬁelds are commonly de-
ﬁned. In a traditional process, that lack of informa-
tive ﬁelds could hinder the deﬁnition of automated
scripts. Instead, in the proposed structure, the num-
ber of leaves are identiﬁed in the database. Conse-
quently, that information can be used in the auto-
mated process allowing a correct calculation of the
required data ﬁelds.
DISCUSSION
Theproposed solution aims toovercomebarriers and
diﬃculties derived from the fragmentation of infor-
mation among actors and along building stages.
The application presented in the paper concerns
environmental aspects. However, the same consid-
erations can be extended to other sectors, character-
ized by the same issues, as:
• each stakeholder (especially manufacturers)
collects their information (not only environ-
mental information) and promotes their use
through personal webpages; instead, having
a standardized structure adopted at national
level enhances their visibility and competi-
tion;
• information stored in PDF cannot be reused in
an automatic way, e.g. applying algorithms;
instead, the research demonstrates how infor-
mation can be re-used if orderly stored in a
database;
• generally, there is not a direct link among
information provided by manufacturers and
objects (especially, BIM objects) in a project;
instead, the code proposed in INNOVance
project allows to create that link andenhances
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Figure 7
Estimation of
environmental
indicators
Figure 8
Veriﬁcation process
of inconsistencies
the fruition of information stored in diﬀerent
databases, also through applications that are
not related to one sigle project;
• it is often diﬃcult to compare objects belong-
ing to the same element class, but described
by diﬀerent manufacturers (e.g., information
is provided with diﬀerent units of measure);
instead, collecting information in a standard-
ized structureenhances comparisonsbecause
information is always expressed in the same
way and stored in the same section of the
database.
A direct and easy fruition of information is possible
through a BIM-based portal. The presented portal
has been developed for enhancing the collection,
sharing and exchanging of information, according to
the standardized structure. However, nowadays, the
portal has been released only as a prototype. Addi-
tional resources are required for optimizing and in-
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creasing the diﬀusion of the tool. However, the back-
grounddata structure implemented in theportal rep-
resents a challenging point in the project and allows
the further development of automated procedures
for the use of stored information.
CONCLUSION
The development of a classiﬁcation system and com-
putational technical datasheets accessible through
the BIM-basedportal aims to improve actual building
processes through a standardized structure for col-
lecting building-related information, that is still lack-
ing in the Italian construction sector.
The standardized structure applies to the infor-
mation ﬂow of the construction process and aﬀects
all subjects and phases related to it (such as plan-
ning, procurement, production, purchasing/supply-
ing, construction, usage, maintenance and disposal).
Therefore, the results of the project support
collaborative design and construction, providing a
shared database and promoting the usability of data
and information through dedicated applications.
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